Purpose To describe the relations between foveal avascular zone (FAZ) size and outline in patients presenting diabetic retinopathy. Methods 110 high-quality fluorescein angiograms from 110 diabetics were chosen from our digital retinal image databank. Patients with significant media opacities, macular scars, macular hard exsudates, high ametropia, and associated macular pathology were excluded. Both FAZ perimeter and surface area were measured with image analysis software. FAZ outline was graded according to ETDRS report Number 11 (from 0 ¼ normal to 4 ¼ capillary outline completely destroyed). Data were compared to that of 31 healthy controls. FAZ surface in diabetics was compared to that of controls and FAZ surface was compared to FAZ grade, FAZ perimeter and retinopathy stage in diabetics. Quantitative variables were compared using the U-test of Mann-Whitney or Kruskal-Wallis test and correlations between quantitative variables were estimated with the Spearmann coefficient. Results All patients presented diabetic retinopathy (54 BDR, 30 PPDR, 26 PDR). FAZ size was larger in diabetics than controls (Po0.001). In diabetics, FAZ size increased with FAZ grade (Poor ¼ 0.006 except between grades 1 and 2 ¼ NS) and with retinopathy stage (Poor ¼ 0.024). As retinopathy advanced, there was a higher proportion of altered FAZ outlines (P ¼ 0.003). Conclusions This study confirms capillary alteration to be the cause of increase in FAZ size in diabetics and presents an alternative evaluation method of the FAZ to FAZ size measurement. No qualitative studies using the ETDRS FAZ grading scale have been performed to our knowledge.
Introduction
In fluorescein angiographic analysis of the retina, the centre of the macula is generally capillary-free, this area being named the foveal avascular zone (FAZ). There is a large interindividual variability of FAZ size in the normal subject. 1 It is known that the FAZ enlarges in diabetic retinopathy, and appears to get larger as the stage of retinopathy advances. 2, 3 Capillary dropout may also occur just outside of the FAZ, at the level of the perifoveolar capillary network, this being measured by the perifoveal intercapillary area on the SLO angiographic camera system. 2, 4 The purpose of this work was to examine the FAZ in a diabetic population with the diagnosis of retinopathy in order to: firstly, confirm advancing FAZ abnormalities with the stage of diabetic retinopathy, and secondly, correlate quantitative FAZ measurements (surface, perimeter) with a qualitative assessment (outline) of the FAZ.
Patients and methods
The ophthalmological records of patients with the diagnosis of diabetic retinopathy (DR) who had undergone fluorescein angiography were reviewed. DR was classified clinically using FAZ outline was classified according to the ETDRS grading system, 7 from 0 (normal), to 1 (questionable), 2 (less than half the original circumference destroyed), 3 (more than half the contour destroyed but some remnants remain), and 4 (capillary outline completely destroyed). We did not retain angiograms with a grade 8 FAZ outline (cannot grade, therefore cannot measure). Statistical analyses were performed with the SPSS 10 software package. Nonparametric tests were preferred as the population of subgroups was rarely above 30 (ANOVA requiring a normal distribution in subgroups). Quantitative variables were compared using the U-test of Mann-Whitney or Kruskal-Wallis test according to the number of groups to compare. Correlations between quantitative variables were estimated with the Spearmann coefficient. P-values less than 0.05 (two-side tests) were considered as statistically significant, except for the 2 Â 2 comparisons for the 'FAZ grade' variable where P-values less than 0.0106 (two-side tests) were considered as statistically significant to protect against multiple comparisons.
A control group of 31 patients was constituted from a random sample of eyes without retinovascular or macular pathologic conditions who had undergone fluorescein angiography on the same digital camera system.
Results
All patients presented DR (54 BDR, 30 PPDR, 26 PDR; 44 Type 1 and 66 Type 2). None of the patients presented clinically significant macular oedema. Clinical and ocular characteristics appear in Table 1 . There were no statistically significant differences in age or sex ratio between the patients and controls. There was no correlation between age and FAZ size in the controls (r ¼ À0.327, P40.10). Table 2a shows the quantitative ). Quantitative FAZ measurements correlated well with each other in the diabetics (Figure 2 
Qualitative abnormalities of the FAZ (depicted in Figure 1b -f) correlated well with retinopathy stage (Table 3 ) and generally well with quantitative (FAZ surface area) abnormalities (Table 4a and b) also. 
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Discussion
The foveal avascular zone has been measured by trypsin digest, 8 by psychophysical methods 1,9,10 and by fluorescein angiography. [1] [2] [3] [4] 11, 12 The SLO system, used by Arend 2 and by Sander 4 permits a good definition of the FAZ and of the perifoveal intercapillary area (PIA) in a higher percentage of cases than the conventional fundus camera, as it uses superimposed images of different depths, allowing to sum the fluorescence and create greater contrast. 13 With classic intravenous angiography, used by Bresnick, 11 , Mansour 3 and in our study, proper FAZ analysis may be readily performed in a sufficient number of cases. Anecdotaly, FAZ analysis may even be possible with oral fluorescein angiography in up to 47% of cases using the SLO compared to 2% of cases with classic angiography. 13 It is not surprising to find the FAZ dimensions larger in the diabetic patients compared to the controls and within the diabetic patients, as retinopathy stage advances. This confirms previous the studies. [2] [3] [4] FAZ enlargement occurs also with the duration of diabetes, but not independently of retinopathy stage in our study. We found no increase of FAZ surface with the age of controls, like Mansour 3 and Bresnick, 11 yet unlike Laatikainen 14 and Wu. 12 Correlation of quantitative measurements between themselves (ie perimeter vs surface) show a strong correlation with a cc of 0.91 in the diabetics but weaker than in controls (cc of 0.96). This is explained by the higher amount of irregular outlines in the diabetics, thus increasing the perimeter for a given same surface value compared to a healthy control (confirming the 'greater effect on the circumference than on the area' noted by Bresnick).
11
ETDRS qualitative grading of the foveal avascular zone has not yet been used to our knowledge in clinical studies. It has been well described in ETDRS Report Number 11.
7 It correlates well with the quantitative measurements of surface and perimeter. Findings validated for quantitative measures (increase with stage of diabetic retinopathy) are also found with the qualitative measures. It has been well documented that the FAZ may be considered 'normal' in a nondiabetic population with measures ranging from '0' mm in diameter (FAZ not observable, or central macula crossed by vessels 1, 15 ) , to over 1.0 mm in diameter 9 or 2 mm 2 in surface area. 3 The overlap of size between non-diabetics and diabetics may therefore be large, not letting one say whether a given FAZ is 'normal' or 'pathologic' in a diabetic patient, when judging by size alone. , undoubtedly due to the high percentage of very small FAZs in our controls) we believe that this method of assessment may be useful in future studies of the FAZ, either complementary to, or in place of a quantitative assessment of the FAZ. Perifoveal intercapillary area has also been shown to be increased in diabetics without retinopathy or in early stage DR compared to healthy controls, and to increase with the stage of DR. 2, 4 However, as with FAZ measurement, PIA measurement has not yet been standardized, Arend summing 60 areas within the central 51 and Sander summing the two innermost circles of capillary loops. PIA evaluation also requires the SLO system. Qualitative grading of the FAZ provides another evaluation of the macular microcirculation, requiring no special software, and available to teams that do not have access to FAZ and PIA measurements with the SLO camera. 
